We studied the critical state stability and the dynamics of the ux jumps, caused by thermomagnetic avalanches, in a large (3 × 3 × 1 mm 3 ) single crystal of YBa2Cu3O 7−δ superconductor. Flux jumps were observed only at the lowest temperatures attainable in our system (at about 2.2 K) and for the external magnetic eld parallel to the c-axis of the investigated crystal. It is shown that thermomagnetic avalanches are initiated in dynamic conditions, for which the magnetic diusivity is much smaller than the thermal diusivity. For large single crystals of YBa2Cu3O 7−δ immersed directly in liquid helium, the analysis of the critical state stability can be performed in isothermal approximation. However, the conditions of the critical state stability can change dramatically by improving the thermal isolation between the sample and the surrounding coolant. The dynamics of the ux jumps was analyzed in the framework of the model of magnetic diusion. It is shown that the magnetic diusivity changes dramatically during the process of the thermomagnetic avalanche. We also studied the inuence of the external magnetic eld and of the magnetic history on the duration of the ux jumps.
Introduction
The phenomenon of thermomagnetic avalanches and the related phenomenon of giant ux jumps are problematic from the viewpoint of applications of superconductors, because they drive the superconducting sample into a normal or into a resistive state [1] .
For the YBa 2 Cu 3 O 7−δ superconductor, thermomagnetic avalanches are observed since large (of a diameter of several millimeters) single crystals or melt-textured samples are available [24] . Flux jumps in this material are usually observed at the temperature of about 4.2 K. Experimental results show a strong inuence of both the external magnetic sweep rate and the heat exchange conditions on ux jumping [2] . No ux jumps were observed in ceramic samples. An analysis of this phenomenon was usually performed in locally adiabatic approximation, for which the thermal diusivity D th of the investigated sample is assumed to be signicantly lower than the magnetic diusivity D m (D th ≪ D m ). Such conditions usually occur in conventional superconductors [1] . However, the high temperature superconductors are commonly characterized by a strong ux creep phenomenon, which can be correlated with a strongly nonlinear currentvoltage characteristics of these materials. It was shown by R.G. Mints [5] that, as a result of such characteristics, the conditions of the thermomagnetic avalanche development cannot be assumed as locally adiabatic. Instead, the so-called dynamic approxi- * corresponding author; e-mail: nabia@ifpan.edu.pl In the present work, we study the critical state stability and dynamics of the ux jumps in a large (3 ×3×1 mm 3 )
single crystal of YBa 2 Cu 3 O 7−δ superconductor. The critical state stability is analyzed in the framework of dynamic models. The dynamics of the ux jumps is analyzed in frames of the model of the magnetic diusion.
The inuence of the magnetic history on the duration of the ux jumps is also studied.
Experiment
In our experiments, we used a 3×3×1 mm 
Results
We observed the ux jumps at the lowest temperature 
The stability of the critical state
We analyzed models of the critical state stability for an innitely large superconducting slab with the width use the approximation of a weakly cooled sample. In this approximation, we can assume the thermal perturbations to develop uniformly in the whole sample volume [5] . We can assume the currentvoltage characteristic of the superconducting sample in a form
where E 0 is the voltage criterion at which the critical current density j c is dened, and n is a dimensionless parameter. One usually assumes E 0 = 10 −4 V/m. In this case n ≫ 1. The critical dimension of the sample can be expressed by the formula [5] : 
where γ ≈ 2.48 [6] .
We calculated temperature dependence of the critical current density j c (T ) as proportional to the widths of the magnetization hysteresis loops. In the external magnetic eld µ 0 H = 3 T, and in the range of temperatures from 2 K to 20 K, this dependence was tted according to the experimental formula j c (T ) = j c0 exp
Temperature and magnetic eld dependence of the specic heat c V was taken from [7] (see data for sample T1 in Ref. [7] ).
There is a large dierence between the experimental data of the thermal conductivity κ reported by dierent authors. Studies in the low temperature regime [8] reveal the in plane thermal conductivity at T = 1 K of about 10 −1 W/Km. At the temperature of 10 K, the reported in-plane thermal conductivity ranges form 1.6 W/Km [9] to about 6 W/Km [10] . In order to t these experimental data in the temperature range form 1 K to 20 K, we used a power function κ(T ) = 10 −1 T x , where x ≈ 1.2 for the data taken from [9] and x ≈ 1.7 for the data taken from [10] . In our further analysis, we will use the average value x = 1.5.
The boundary thermal conductivity h is very dicult to determine experimentally, and it depends on many factors (e.g. on sample roughness). If the boundary conductivity is governed by phonon processes, h(T ) ∼ T If we assume for the sample immersed in liquid helium
Hence around 4.2 K, the stability of the critical state should be better described by the isothermal approximation. However, if h decreases by at least two orders of magnitude, Bi < 1 in the whole range 220 K, and we expect the stability of the critical state to be better described be the approximation of the weakly cooled sample.
We used Eqs. However as we discussed above, they are not realistic for the conditions of our experiment. 
Dynamics of the ux jumps
Let us consider a slab with diameter 2d and the initial distribution of the induction of the local magnetic eld B(x). We assume x = 0 in the center of the slab and x = ±d at the sample walls. If the dynamics of the magnetic ux in the sample is governed by the process of magnetic diusion, we can express the voltage per one coil wound around the investigated sample by the following formula:
where L is the length of the slab and
In further analysis, we assume the dynamics of the ux jumps to be governed by the rst harmonic (with k = 0) and U coil (t) ∼ exp
. According to the model of the magnetic diusion, the voltage of the coil decreases in time. We applied this model to determine the magnetic diusivity at the nal stage of the ux jump (for decreasing U coil (t)). 
, where ρ n is the normal state resistivity and H c2 is the upper critical eld, because with a decrease of the magnetic diusivity (in lower magnetic eld), we expect an increase of the duration of the ux jumps. Figure 5 shows duration of the ux jumps measured at the voltage level 10 −3 V as a function of the external magnetic eld. All series presented in Fig. 5 are for the upper branch of the magnetization hysteresis loop. Letters A, B, C, D and E in series 3 correspond to the ux jumps presented in Fig. 1 and Fig. 2 .
At the end, we want to emphasize that, because of a complex structure of the thermomagnetic avalanche, a simple model of the magnetic diusion is insucient to describe all features of the dynamics of this process. 
Conclusions

